Denervation of skeletal muscles induces atrophy, preceded by changes in sarcolemma permeability of causes not yet completely understood. Here, we show that denervation-induced Evans blue dye uptake in vivo of fast, but not slow, myofibers was acutely inhibited by connexin (Cx) hemichannel/pannexin1 (Panx1) channel and purinergic ionotropic P2X 7 receptor (P2X 7 R) blockers. Denervated myofibers showed up-regulation of Panx1 and de novo expression of Cx39, Cx43, and Cx45 hemichannels as well as P2X 7 Rs and transient receptor potential subfamily V, member 2, channels, all of which are permeable to small molecules. The sarcolemma of freshly isolated WT myofibers from denervated muscles also showed high hemichannel-mediated permeability that was slightly reduced by blockade of Panx1 channels or the lack of Panx1 expression, but was completely inhibited by Cx hemichannel or P2X 7 R blockers, as well as by degradation of extracellular ATP. However, inhibition of transient receptor potential subfamily V, member 2, channels had no significant effect on membrane permeability. Moreover, activation of the transcription factor NFκB and higher mRNA levels of proinflammatory cytokines (TNF-α and IL-1β) were found in denervated WT but not Cx43/Cx45-deficient muscles. The atrophy observed after 7 d of denervation was drastically reduced in Cx43/Cx45-deficient but not Panx1-deficient muscles. Therefore, expression of Cx hemichannels and P2X 7 R promotes a feed-forward mechanism activated by extracellular ATP, most likely released through hemichannels, that activates the inflammasome. Consequently, Cx hemichannels are potential targets for new therapeutic agents to prevent or reduce muscle atrophy induced by denervation of diverse etiologies.
D
enervated skeletal muscles undergo a change in membrane permeability along with a progressive array of metabolic, structural, and functional changes that lead to atrophy (1) . For example, at approximately 7 d after denervation, rodent skeletal muscles show a decrease in intracellular K + concentration (2) and an increase in intracellular Na + concentration (1) and total calcium content (1) . In addition, contraction of denervated skeletal muscle depends on extracellular Ca 2+ as early as 6 d after denervation (3) . A possible explanation for this latter result is that denervation induces the expression of the cardiac Ca 2+ permeable dihydropyridine receptor isoform (4) . However, this protein is only expressed from day 25 of denervation. Therefore, the Ca 2+ -dependency of denervated muscles for a single contraction remains unexplained (4) . The increase in dihydropyridine receptors Cav1.1 and ryanodine receptor complex has also been proposed to contribute to the increase in free Ca 2+ concentration (5) , but the denervation-induced reduction in membrane potential (V m ) is not sufficient to activate these channels (6) . The changes in intracellular Na + and K + concentrations and V m reduction of denervated myofibers might be explained by a deficiency in Na + /K + -dependent ATPase pump activity, but ouabain still induces a ∼10% reduction in V m in denervated myofibers (7) . Consequently, the transmembrane electrochemical changes induced by denervation are, at present, not fully explained. An alternative mechanism could be the de novo expression of nonselective cation channels, which, to our knowledge, has not been reported. Investigation of this possibility was the main goal of the present work.
To date, treatments with several compounds have only partially reduced the development of atrophy (8) . However, substantial reduction of myofiber atrophy has been obtained upon musclespecific inhibition of NF-κB through expression of IκB-α superrepressor (1) or genetic deletion of either of two muscle-specific E3 ligases, atrogin-1 or muscle ring finger-1 (MurF1) (1) . However, the sequence of events that initiates muscle atrophy and the relevance of most changes induced by denervation remain uncertain.
Here, we demonstrated that denervated fast skeletal muscles express de novo the monovalent cation and Ca 2+ permeable channels connexins (Cxs) 39, 43, and 45, purinergic ionotropic P2X 7 receptors (P2X 7 Rs), as well as transient receptor potential, subfamily V, member 2 (TRPV2), channels, and show an up-regulation of pannexin1 (Panx1). The relevance of functional Cx hemichannels and P2X 7 Rs in denervation-induced permeabilization of the sarcolemma was also demonstrated. In addition, denervation was found to induce an inflammatory state of myofibers associated with muscular atrophy, and both responses were greatly
Significance
In this paper two biological findings are described and explain several muscle changes induced by denervation: (i) the sarcolemma of fast myofibers are permeabilized to small molecules such as Evans blue via connexin (Cx) hemichannels and (ii) the absence of Cx43/Cx45 hemichannels greatly attenuates the inflammasome activation and muscle atrophy. The first finding explains the activation of proteolysis in denervated muscles. The second demonstrates that muscle inflammation can occur without inflammatory cell infiltration, offering an explanation how denervated muscles can alter other tissues. These findings unveil therapeutic targets to reduce atrophy in diverse clinical conditions. Because Cx hemichannels are permeable to Evans blue, the use of this dye as tracer of cell damage should be reevaluated in different systems.
reduced in Cx43/Cx45-deficient myofibers, revealing the importance of Cx hemichannels in this pathological condition.
Results
ATP-Activated Cx43/Cx45 Hemichannels and P2X 7 Receptors Permeabilize Denervated Fast Myofibers. Because the sarcolemma permeability of denervated myofibers is likely to be altered, we evaluated it in vivo through the use of Evans blue dye (EB 4− ; 960.8 Da). The dye was administered to rats 7 d after unilateral hindlimb denervation, and cross-sections of control (innervated contralateral) and denervated extensor digitorum longus (EDL) muscles (fast muscles) were obtained. In samples of denervated muscles, EB 4− fluorescence was located in the interstitium as well as inside the myofibers, whereas, in samples of control muscles, the EB 4− fluorescence was restricted to the interstitial space ( Fig. 1  A and B) . In EDL muscles, fluorescence intensity of intracellular EB 4− increased progressively from 3 d to 7 d and 21 d after denervation. In contrast to denervated EDL muscles, myofibers of denervated rat soleus muscles (slow muscle) did not show intracellular EB 4− staining at 3, 7, or 21 d after denervation.
To test whether membrane channels might be involved in altered membrane permeability, we evaluated the effects of channel inhibitors on entry of EB 4− into denervated myofibers. EB 4− was found only in the interstitium of denervated muscles of rats treated 20 min before EB 4− administration with brilliant blue G (BBG), a P2X 7 R and Panx1 inhibitor, or carbenoxolone (Cbx), a Cx hemichannel/Panx1 channel and P2X 7 R blocker (9) (Fig. 1B) . These findings suggested that the intracellular accumulation EB 4− of denervated myofibers did not result from membrane damage, but rather was a consequence of uptake through a membrane pathway composed of functional P2X 7 Rs and Cx hemichannels/Panx1 channels. Further demonstration that intracellular EB 4− found in denervated EDL myofibers was a result of increased membrane permeability instead of membrane damage was obtained in rats injected with rhodamine dextran (RD; 10 kDa), which has a molecular weight well greater than the size exclusion of any physiological membrane pore. RD was detected only in the interstitium in denervated EDL muscles at 7 d, as well as in contralateral nondenervated EDL muscles (Fig. 1B) .
To further extend the pharmacologic data supporting the possible involvement of Panx channels and Cx hemichannels in the permeabilization of denervated myofibers, permeability of denervated myofibers was then evaluated in Panx1 −/− mice and muscle-specific Cx43/Cx45-deficient mice. After 7 d of denervation, tibialis anterior (TA; fast muscle) myofibers of Panx1 −/− mice showed intracellular EB 4− fluorescence, and this was absent in the contralateral muscle, in which EB 4− was found only in the interstitium (Fig. 1A) . Likewise, denervated but not innervated TA myofibers of Cx43 :Myo-Cre mice (skeletal muscle-specific Cx43/Cx45-deficient mice) did not show intracellular EB 4− fluorescence (Fig. 1) .
Normal skeletal myofibers express Panx1 channels in T tubules but they do not express Cxs (1, 10) ( Fig. 2A) . Accordingly, Cx39, Cx43, and Cx45 were not detected by immunofluorescence staining in control EDL (rat) and TA (mouse) muscles ( Fig. 2A) . However, the three Cxs known to be expressed during development or regeneration (Cxs 39, 43, and 45) (11) (12) (13) were detected in denervated EDL muscles ( Fig. 2A and Fig. S1 ). Moreover, immunofluorescence revealed that denervated muscles also express P2X 7 Rs and TRPV2 channels and showed up-regulation of Panx1 ( Fig. 2A ). In agreement with their possible role in permeabilization of denervated myofibers, immunoreactivity of all six proteins was detected mainly in the sarcolemma ( Fig. 2A) . Similar results were obtained in gastrocnemius muscles of rats with spinal cord transection (Fig. S2) . Moreover, control fast muscles did not express functional gap junction channels (Fig.  S3 ). Levels of all proteins studied were unchanged in slow denervated muscles (Fig. S4 ).
The relative importance of possible molecular elements involved in the sarcolemma permeabilization of denervated fast muscles was studied in acutely dissociated myofibers with selective blockers of P2X 7 R, TRPV2 channels, and Cx hemichannel or Panx channels. In these experiments, EB 4− was replaced by ethidium (Etd + ), which allows real-time measurement of cell membrane permeability changes via Cx hemichannels or Panx1 channels (14, 15) .
Myofibers of denervated flexor digitorum brevis (FDB, a fast muscle) muscles of rats showed approximately threefold higher Etd + uptake (Fig. 2B , Inset, encircled fluorescent nuclei) than control muscles (Fig. 2B) , which was completely blocked by La 3+ , a Cx hemichannel and P2XR blocker (16) (Fig. 2 B and C) . In control rat myofibers, the Etd + uptake rate was not significantly reduced by La 3+ ; A740003, a selective P2X 7 R blocker (17); or Cbx, a Cx hemichannel/Panx1 channel and P2X 7 R blocker (9) . However, the Etd + uptake rate of denervated myofibers treated with La 3+ , A740003, or Cbx was indistinguishable from that of control myofibers treated with the same agents (Fig. 2C) . In support of the role of Cx hemichannels in denervation-induced sarcolemma permeabilization, myofibers of denervated FDB muscles obtained from Cx43/Cx45-deficient mice (Cx43 fl/fl Cx45 fl/fl : Myo-Cre) did not show a significant increase of Etd + uptake compared with innervated WT myofibers (Fig. 2D) . However, denervated myofibers of WT (Fig. 2C) or Cx43 fl/fl Cx45 fl/fl mice showed similar, high Etd + uptake that was blocked by La 3+ or flufenamic acid, inhibitors of Cx hemichannels but not Panx1 channels (9); 200 μM 10 Panx1, a selective Panx1 channel blocker (9); or 20 min preincubation with apyrase, an ATP hydrolase (Fig. 2D) . Moreover, the Etd + uptake of denervated Panx1-deficient FDB myofibers was comparable to that of denervated WT myofibers treated with 10 Panx1 and was also drastically reduced by La 3+ (Fig. 2D) . To test the possible involvement of TRPV2 channels, denervated WT myofibers were acutely treated with tranilast, a TRPV2 channel blocker (18) , but the Etd + uptake remained as in untreated denervated WT myofibers.
To test if Cx hemichannels are permeable to EB 4− , HeLa cells transfected with Cx39, Cx43, or Cx45 were bathed with divalent cation-free solution to increase their open probability (14) in the presence of 1 mM EB 4− . All transfected but not parental cells showed EB 4− uptake (Fig. S5 A, a-d ) that was prevented by 200 μM La 3+ or 100 μM Cbx (Fig. S5B) . However, HeLa-Panx1 cells treated with bisindolylmaleimide, a PKC inhibitor that increases the open probability of Panx1 HCs, did not show EB 4− uptake ( Fig. S5 A, e) . HeLa-TRPV2 cells treated with 2-aminoethyl diphenylborinate (2-APB), a potent TRPV2 channel activator (19) , also did not show EB 4− uptake (Fig. S5 A, f) . However, the intracellular Ca 2+ signal showed a rapid increase in HeLa-TRPV2 but not in HeLa-parental cells (Fig. S5C) , indicating that TRPV2 channels were activated by 2-APB causing Ca 2+ inflow.
Denervation of Fast Skeletal Muscles Induces Activation of the
Inflammasome. Denervation induces an early and transient increase in muscle levels of TNF-α and IL-1β (20) , which are products of inflammasome activation (21) . Because activation of the nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB), a transcription factor, induces muscle atrophy (1), we decided to evaluate levels of the phosphorylated form of p65 (P-p65), an active subunit of NF-κB (22) . At 7 d after denervation, P-p65 reactivity was increased in the cytoplasm (Fig. 3A , red) and in nuclei (DAPI-stained) in denervated (Fig. 3A , white arrows) but not innervated myofibers of TA muscles of control (Cx43 fl/fl Cx45 fl/fl ) mice. In addition, the P-p65 reactivity in denervated myofibers of Cx43/Cx45-deficient TA muscles (Cx43
Cx45
fl/fl :Myo-Cre mice) was comparable to that of innervated control myofibers or innervated Cx43/Cx45-deficient myofibers (Fig. 3A) . Because activated NF-κB promotes the expression of proinflammatory cytokines, including TNF-α and IL-1β, levels of mRNA of these cytokines were evaluated by RT-PCR. Relative levels of both mRNAs were significantly higher in denervated TA muscles of Cx43 fl/fl Cx45 fl/fl mice (Fig. 3B) , whereas, in denervated muscles of Cx43/Cx45-deficient mice, they remained similar to those for innervated controls (Cx43 fl/fl Cx45 fl/fl ) or Cx43/Cx45-deficient muscles (Fig. 3 B and C) .
Absence of Cx43 and Cx45 but Not Panx1 Drastically Reduces
Denervation-Induced Muscular Atrophy. Control and denervated TA muscles of Cx43/Cx45-deficient and control mice were obtained at day 7 of denervation, and the cross-sectional area (CSA) of myofibers was evaluated and taken as a measurement of muscular atrophy. Myofibers of denervated muscles showed a drastic reduction in CSA (∼82% of control CSA) compared with myofibers of innervated control and Cx43/Cx45-deficient muscles (Fig. 4) . However, the myofiber CSA in TA muscles of Cx43 :Myo-Cre mice was reduced only by approximately 30% relative to control muscles (Fig. 4) . Notably, these myofibers still expressed Cx39 and TRPV2 reactivity and showed up-regulation of Panx1 but did not express detectable reactivity of P2X 7 Rs (Fig. S6) . Moreover, the absence of Panx1 did not prevent denervationinduced myofiber atrophy in TA muscles; the reduction in CSA of myofibers of Panx1 −/− mice was similar to that of denervated control or Cx43 fl/fl Cx45 fl/fl muscles (Fig. 4B) .
Myofibers of denervated Panx1
−/− TA muscles showed high reactivity for Cx39, Cx43, Cx45, P2X 7 R, and TRPV2 channel (Fig. S6) .
Discussion
Here, we demonstrated that denervated fast skeletal myofibers show de novo expression of Cxs (39, 43, and 45), P2X 7 Rs, and TRPV2 channels and up-regulation of Panx1. They do not express functional gap junctions, but they present functional hemichannels and P2X 7 Rs, which permeabilize the sarcolemma to small molecules, resulting in increased extracellular ATP concentration. The absence of Cx43 and Cx45 in myofibers is sufficient to drastically attenuate the denervation-induced activation of the inflammasome and atrophy, suggesting that increased membrane permeability through expression of hemichannels and increased expression of channels is part of a feed-forward mechanism for activation of the inflammasome and muscle atrophy. Although no changes in membrane permeability or expression of the proteins studied were found in slow myofibers, it remains to be determined if such changes occur after much longer periods of time as occurs for other features of denervated slow muscles (23).
We found that denervated fast myofibers, which are atrophic but not damaged or dead (24) , show intracellular EB 4− staining after systemic administration but they do not incorporate RD (excluded by membrane channels), and the intracellular staining with EB 4− was completely prevented by BBG or Cbx, indicating the integrity of the plasma membrane and the involvement of P2X receptors and Cx hemichannels/Panx1 channels as diffusional pathways for EB 4 7 Rs may not be the membrane pathway for dye uptake in denervated myofibers. In addition, EB 4− has been found to inhibit P2X receptors (25) . Therefore, the only known membrane pathways for EB 4− uptake in denervated myofibers are Cx hemichannels.
Consistent with this interpretation, myofibers of denervated muscle from Cx43/Cx45-deficient mice did not show EB 4− or Etd + uptake. Increased EB 4− uptake by denervated WT mouse myofibers was completely blocked by La 3+ and Cbx and more importantly by flufenamic acid, a rather selective Cx hemichannel blocker (9) . Moreover, HeLa cells transfected with Cxs (39, 43, or 45) but not HeLa-parental cells, showed EB 4− uptake that was completely inhibited by Cx hemichannel blockers (La 3+ and Cbx). In addition, the possible role of TRPV2 channels in Etd + uptake by denervated myofibers can be ruled because tranilast, an inhibitor of TRPV2 channels, had no effect, and 2-APB, an activator of TRPV2 channels, promoted a rapid Ca 2+ influx, but did not induce EB 4− uptake in HeLa-TRPV2 cells. Accordingly, our evidence indicates that denervated myofibers show de novo expression of Cx hemichannels that permeabilize the sarcolemma to EB 4− and Etd + . In innervated normal myofibers, electrical stimulation induces ATP release via Panx1 channels, which also allow Etd + uptake (10) . Here, we found that extracellular apyrase blocks the elevated membrane permeability (Etd + uptake) of denervated WT myofibers under resting conditions, revealing that they spontaneously release ATP and that ATP promotes the increase in membrane permeability. As Panx1 channels and Cx hemichannels are permeable to ATP (26) , and both were found to be highly expressed in the sarcolemma of denervated WT myofibers, they are likely the sarcolemmal pathway for ATP release. However, permeabilization via Panx1 channels might be less prominent than that via Cx hemichannels because inhibition of Panx1 channels with 10 Panx1 or the absence of Panx1 in myofibers of Panx −/− mice caused a similar partial reduction (<30%) in Etd + uptake, whereas inhibition of Cx hemichannels with flufenamic acid or the absence of Cx43/Cx45 completely abrogated the Etd + uptake. Additionally, our findings do not exclude a role for calcium homeostasis modulator 1 (CALHM1), which recently has been described as an ATP channel (27) .
In agreement with the role of extracellular ATP in permeabilization of the sarcolemma of denervated myofibers, we found that inhibition of P2X 7 Rs both in vivo (i.e., effect of BBG on EB 4− uptake) and in vitro (i.e., effect of A740003 on Etd + uptake) blocked dye uptake completely. The findings described here strongly suggest the establishment of a feed-forward mechanism wherein ATP released through Cx hemichannels activates P2X 7 Rs in an orchestrated way, permeabilizes the sarcolemma, and increases the intracellular Ca 2+ levels, thereby sustaining membrane depolarization and enhancing membrane permeability, and initiating and/or enhancing activation of the inflammasome. In support of this interpretation is the finding that the membrane channels studied that affect the sarcolemma permeability, specifically, P2X 7 Rs, Cx hemichannels, and Panx1 channels, are known to be permeable to Ca
2+
, and their open probability is increased by a reduction in extracellular Ca 2+ concentration that might occur as a result of the Ca 2+ inflow via the same channels (28) . Moreover, the increase in intracellular free Ca 2+ concentration favors the insertion of Cx hemichannels into the sarcolemma (28) and activation of Cx hemichannels and Panx1 channels (26) through which ATP is released; this ATP release would further activate P2X 7 Rs maintaining the feed-forward mechanism "on."
De novo expression of Cx43 in fast muscles might first result from denervation-induced reduction of miR-206 (29) , which is known to repress the expression of Cx43 (30) . A second mechanism that might induce the Cx expression could be mediated by proinflammatory cytokines released by denervated myofibers showing activation of the inflammasome, because TNF-α and IL-1β promote expression of Cx hemichannels in fast myofibers (1) and denervated muscles express high levels of TNF-α and IL-1β as soon as 24 h after denervation (20) ; this up-regulation may continue for several more days, as we found high mRNA levels of TNF-α and IL-1β in 7-d denervated muscles. However, the initial signals up-regulating expression of Cx hemichannels seems to occur upstream of proinflammatory cytokine expression because we found that levels of cytokine mRNAs did not increase in denervated Cx43/Cx45-deficient muscles. Thus, the proinflammatory cytokines might constitute a second feed forward mechanism that amplifies the muscle response to denervation.
Because denervated Cx43/Cx45-deficient muscles did not show a significant increase in P2X 7 Rs, it is conceivable that the regulation of P2X 7 R expression is downstream of these two Cxs. Moreover, the expression of Cx39, Panx1, and TRPV2 might be under the control of independent factor(s) similar to the one(s) that regulate(s) the expression of Cx43/Cx45 because denervated muscles of Cx43/Cx45-deficient mice still showed high levels of these proteins. Whether the expression of all six proteins studied is under the control of a Ca 2+ signaling pathway remains to be determined.
The intracellular Ca 2+ signal generated by opening Cx43, Cx45, P2X 7 , and TRPV2, which form Ca 2+ permeable channels (26, 28, 31) , could activate the NLRP3 inflammasome complex, leading to production of proinflammatory cytokines (21) . Upstream of the inflammasome, activation of the transcription factor NF-κB frequently occurs, and its inactivation prevents muscle atrophy induced by various conditions, including denervation (1) . Similarly, we found that loss of Cx43/Cx45 expression drastically prevents the activation of NF-κB and up-regulation of TNF-α and IL-1β mRNAs, indicating the relevance of Cx hemichannels as upstream activators of NF-κB and the inflammasome. The involvement of P2X 7 Rs and Panx1 channels in activation of the inflammasome complex in neurons and astrocytes has been proposed (32) . Here, we found that P2X 7 Rs in conjunction with Cx43/Cx45 hemichannels but not Panx1 channels are determinants for activation of the muscle inflammasome after denervation, suggesting that different membrane components might be involved in activation of the inflammasome of different cell types.
Denervated myofibers express a program that leads to degeneration of skeletal myofibers associated with an increase in total intracellular calcium (1) . In the present study, denervated myofibers were found to express de novo Ca 2+ permeable channels (P2X 7 R, TRPV2, Panx1, Cx43 hemichannels), which could serve as pathways for Ca 2+ inflow (26, 33) , and some of them also participate in the ATP outflow. Consequently, the increase of extracellular ATP concentration appears to activate purinergic receptors (P2X and P2Y) expressed by myofibers (33) (34) (35) , thereby increasing the free [Ca 2+ ] i . Moreover, Cx43 hemichannels are permeable to NAD + , which, besides activating P2X 7 Rs expressed in denervated fast myofibers, can also be cycled by extracellular CD38 and then cross the cell membrane via Cx43 hemichannels, where it activates ryanodine receptors (36) , further contributing to increase the free [Ca 2+ ] i . Our findings suggest that all of these pathways converge to activate protein degradation pathways (37) that characterize the cachexic state.
Because denervation is the outcome of damage to motor neurons of diverse causes including traumatic, degenerative, or genetic injury to nerves, or to lack of neurotransmission of genetic or acquired origin (1), a similar mechanism as the one described here could explain muscle atrophy in diverse neuropathological conditions. Therefore, Cx hemichannels might be therapeutic targets to drastically reduce the resulting muscle degeneration.
Materials and Methods
Reagents and detailed methods are described in SI Materials and Methods. :Myo-Cre mice. (Scale bar: 50 μm.) (B) Quantification of at least 10 sections of each muscle. M-C, Myo-Cre (n = 4 independent experiments for each group; **P < 0.01 and ***P < 0.001).
EB
4− Uptake In Vivo. Animals with unilateral hindlimb denervation were injected i.p. 6 h before euthanasia with EB 4− (80 mg/kg) dissolved in sterile saline solution. To inhibit the in vivo EB 4− uptake by myofibers, Cbx (80 mg/kg), a Cx hemichannel/Panx1 channel and P2X 7 R blocker, or BBG (45 mg/kg), a P2X 7 R and Panx1 inhibitor, was administered (i.p.) 20 min before the EB 4− injection. To test for defects in sarcolemma integrity, RD (10 kDa, 800 mg/kg of body weight) was injected i.p. 6 h before euthanasia. Then, animals were killed, muscles were dissected and fast-frozen in isopentane precooled in liquid nitrogen, and EB 4− and RD fluorescence intensity (λ excitation, 545 nm; λ emission, 595 nm) was quantified on cross-sections in intracellular regions by using a conventional Nikon Eclipse Ti fluorescent microscope (EB 4− λ excitation, 545 nm; λ emission, 595 nm).
CSA Measurements. The CSA of skeletal muscle fibers observed in crosssections fixed with 4% (wt/vol) paraformaldehyde and stained with H&E was evaluated by using offline analyses by ImageJ software (National Institutes of Health).
Statistical Analyses. Results are presented as mean ± SE. Two populations were compared by using the logarithm of ratio followed by Student t test. For multiple comparisons with a single control, a nonparametric one-way ANOVA followed by the Bonferroni test was used. Analyses were carried out by using GraphPad software. P values <0.05 were considered statistically significant.
